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Compounds with a branched linker 

The present invention concerns new linkers and their use for producing conjugates for 
applications in diagnostic or therapeutic methods. 

Conjugates comprising several binding groups or/and effector groups e.g. labeling or solid 
phase binding groups or toxins are often used in diagnostic or therapeutic methods. Such 
5 conjugates can be prepared by direct coupling or by using the bridge or linker structures 
known in the prior art Interfering intramolecular and intermolecular interactions between 
the conjugate partners or other components are often disadvantageous for the properties of 
such conjugates. 

In diagnostic tests these undesired intramolecular and intermolecular interactions often 
10 lead to an impairment of important assay parameters such as the dynamic range of the 
signal, signal-to-noise ratio, breadth of the measuring range, blank value, lower limit of 
detection and thus to a considerable impairment of the assay. In therapeutic procedures the 
interactions in turn result in a reduction of efficacy or of target specificity. 

The use of linkers that are known in the prior art for the conjugation of luminescent metal 
15 complexes (EP-A-0 178 450, EP-A-0 580 979, WO 87/06706) for example leads to a 
worsening of the dynamic range of an assay. Other disadvantages of such conjugates are a 
high unspecific binding to proteins and high blank values. However, similar problems also 
occur with other labeling and solid phase binding groups. 

WO 96/03409 and WO 96/03410 disclose that the introduction of free positive or/and 
20 negative charge carriers in the linkers that link the reactive coupling group of the metal 
complex to one of the ligands or the introduction of hydrophilic groups into these 
luminescent metal complexes reduces the unspecific adsorption of conjugates of these 
complexes and thus improves the test sensitivity as well as the stability and recovery of the 
conjugates in immunoassays. Moreover in some cases it is possible to achieve an increase in 
25 quantum yield. 

Bredehorst, R., et aL, Anal Biochem 193 (1991) 272-9 describe a trifunctional hapten- 
fluorophore conjugate "which contains the 21 amino acid residues of the insulin A chain 
molecule as a backbone. The insulin A chain thus working as a linker between the 
fluorescent and hapten groups is a linear linker and not a branched linker. 
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In recent investigations it was found that the use of hydrophilic or charged linkers 
according to WO 96/03409 or WO 96/03410 results in considerable advantages in test 
performance but even when using such complexes the blank value is considerably higher 
than the blank value of the system. Hence a further reduction of the blank value by 
5 reducing unspecific binding would be desirable. In addition unspecific intramolecular and 
intermolecular interactions between the labeling group and other test components should 
be reduced without adversely affecting the signal yield and the accessibility of the labeling 
group. 

It was surprisingly found that the said disadvantages can be eliminated by using branched 
10 linkers with charged carriers or/and hydrophilic groups especially in the side chains. These 
branched linkers also result in improvements in other types of conjugates used in 
diagnostic or therapeutic methods or for screening purposes. 

Hence a subject matter of the present invention is the use of a polyfunction^ compound of 
the general formula (I): 



15 ^-Y-X,,, (I) 

in which Z denotes at least one reactive functional group or a binding group, X is a reactive 
functional group which is bound covalently to Z via a linker Y where the linker is a 
branched linker which has a molecular weight of > 1000 Da and contains at least one 
charge carrier or/and at least one hydrophilic group, n is an integer from 1 to 10 and 
20 preferably from 1 to 4 and m is 1 or 2 and preferably 1, for the production of conjugates. 



The group Z can occur once or several times and can in each case be independently a 
reactive functional group or a binding group. Examples of binding groups are labeling 
groups or effector groups. Effector groups are for example partners of a bioaffine binding 
pair which can specifically interact with the other partner of the bioaffine binding pair. 

25 The labeling groups can be selected from any detectable known groups such as dyes, 
luminescent labeling groups such as chemUuminescent groups e.g. acridinium esters or 
dioxetanes or fluorescent dyes e.g, fluorescein, coumarin, rhodamine, oxazine, resorufin, 
cyanine and derivatives thereof. Other examples of labeling groups are luminescent metal 
complexes such as ruthenium or europium complexes, enzymes as used for CEDIA 

30 (Cloned Enzyme Donor Immunoassay, e.g. EP 0 061 888), microparticles or nanoparticles 
e.g. latex particles or metal sols, and radioisotopes. 
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In a preferred embodiment the labeling group is a luminescent metal complex and the 
compound has a structure of the general formula (II): 

[MaiL2L 3 )] n -Y.X m A (II) 

in which M is a divalent or trivalent metal cation selected from rare earth or transition 
5 metal ions, L ls 1^ and L 3 are the same or different and denote ligands with at least two 
nitrogen-containing heterocycles in which L i3 and are bound to the metal cation via 
nitrogen atoms, X is a reactive functional group which is covalently bound to at least one of 
the ligands L x , and L 3 via a linker Y, n is an integer from 1 to 10, preferably 1 to 4, m is 1 
or 2 and preferably 1 and A denotes the counterion which may be required to equalize the 
10 charge. 

The metal complex is preferably a luminescent metal complex i.e. a metal complex which 
undergoes a detectable luminescence reaction after appropriate excitation. The 
luminescence reaction can for example be detected by fluorescence or by 
electrochemiluminescence measurement. The metal cation in this complex is for example a 
15 transition metal or a rare earth metal The metal is preferably ruthenium, osmium, 
rhenium, iridium, rhodium, platinum, indium, palladium, molybdenum, technetium, 
copper, chromium or tungsten. Ruthenium, iridium, rhenium, chromium and osmium are 
particularly preferred. Ruthenium is most preferred. 

The ligands L 3 , L2 and L 3 are ligands with at least two nitrogen- containing heterocycles. 
20 Aromatic heterocycles such as bipyridyl, bipyrazyl, terpyridyl and phenanthrolyl are 
preferred. The ligands L v L2 and L 3 are particularly preferably selected from bipyridine and 
phenanthroline ring systems. 

The complex can additionally contain one or several counterfoils A to equalize the charge. 
Examples of suitable negatively charged counterions are halogenides, OH\ carbonate, 
25 alkylcarboxyiate, e.g. trifluoroacetate, sulphate, hexafluorophosphate and tetrafluoroborate 
groups. Hexafluorophosphate, trifluoroacetate and tetrafluoroborate groups are 
particularly preferred. Examples of suitable positively charged counterions are monovalent 
cations such as alkaline metal and ammonium ions. 

On the other hand the group Z can be an effector group which interacts specifically and 
30 preferably non-covalently with a binding partner. Examples of suitable binding partners are 
hapten or antigen/antibody, biotin or biotin analogues such as aminobiotin, iminobiotin or 
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desthiobiotin/avidin or streptavidin, sugar/lectin, nucleic acid or nucleic acid 
analogue/complementary nucleic acid, receptor/ligand e.g. steroid hormone 
receptor/steroid hormone in which one partner of the binding pair is the effector group 
and thus a component of compound (I) . 

5 In a further preferred embodiment Z can also be a therapeutically active substance e.g. a 
toxin or protoxin e.g. an anti-tumour substance. 

The compounds (I) are used as linker molecules to prepare conjugates. In this process a 
binding partner and in particular a binding partner as stated above is coupled covalently to 
the at least one free functional group of the compound (I). 

10 The resulting coupling product contains at least two, preferably different, binding groups 
which are linked together via the branched linker Y. 

The reactive functional group X or Z of the compound (1) or of the complex (II) is a 
reactive group which can be coupled covalently to a biological substance. The group X is 
preferably an activated carboxylic acid group such as a carboxylic acid halogenide, a 

15 carboxylic acid anhydride, a carboxylic acid hydrazide, a carboxylic acid azide or an active 
ester e.g. an N-hydroxy-sucdnimide, a p-nitrophenyi, pentafluorophenyl, imidazolyl or N- 
hydroxybenzotriazolyl ester, an amine, a maleimide, a thiol or a photoactivatable group e.g. 
an azide. The compound can contain one or several functional groups X or Z which can be 
the same or different. X and Z are preferably different If Z is a functional group> it 

20 preferably only occurs once. If Z is a binding group, it can be present several times e.g. up 
to 10 times. The functional groups or binding groups Z, respectively can be the same or 
different and be optionally blocked by protective groups. However, the total number of 
groups X plus Z is at least 2 i.e. the compound is at least a Afunctional compound, 
preferably at least a hetero-bifunctional compound. Appropriate active groups for hetero- 

25 bifunctional linkers are described in Aslam M„ Dent A., Bioconjugation (1998) Mcmillan 
Reference Ltd., London, p 216-363. 

The molecular weight of the linker is at least 1000 Da, because then the advantages of the 
linker become particularly apparent. The molecular weight of the linker is preferably in the 
range of 1000 to 50>000 Da, particularly in the range of 1000 to 20,000 Da and most 
30 preferably in the range of 1000 to 10,000 Da. 
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The compound (I) and the metal complex (II) differ from the prior art in that the linker Y 
between X and Z is a branched linker with at least one charge carrier or/and at least one 
hydrophllic group. In the sense of the present invention the term "charge carrier" means a 
group which is present mainly in an ionic form at a pH value in the range 6 to 8. The linker 
5 preferably contains up to 70, particularly preferably 1 to 40 and most preferably 2 to 20 
such charge carriers. 

The linker particularly preferably contains at least one negative charge carrier. Examples of 
suitable negative charge carriers are phosphate, phosphonate, sulphinate, suiphonate, 
sulphate and carboxylate groups, carboxyiate groups and phosphate groups being most 
10 preferred. 

Examples of positive charge carriers are amino and mono-substituted or polysubstituted 
amino groups such as mono-, di- or trialkyl amino groups, in which alkyl denotes a 
straight-chained or branched alkyl residue with 1 to 6 C atoms or a cyclic alkyl residue with 
3 to 6 C atoms. The positive charge carriers are particularly preferably selected from basic 
15 amino acids such as lysine or substituted amino acids such as diethyllysine, or 
dipropyllysine. Amines and substituted amines can also be used as electron donors for the 
detection of metal complexes by electrochemiluminescence. 

The linkers can also contain uncharged hydrophilic groups as an alternative to or in 
addition to the charge carriers. Preferred examples of uncharged hydrophilic groups are 

20 ethylene oxide or polyethylene oxide groups with preferably at least three ethylene oxide 
units, sulphoxide, sulphone, carboxylic acid amide, carboxylic acid ester, phosphoric acid 
amide, phosphonic acid ester, phosphoric acid amide, phosphoric acid ester, sulphonic acid 
amide, sulphonic acid ester, sulphuric acid amide and sulphuric acid ester groups. The 
amide groups are preferably primary amide groups, particularly preferably carboxylic acid 

25 amide residues in amino acid side groups e.g. the amino acids asparagine and glutamine. 
The esters are preferably derived from hydrophilic alcohols, in particular C!-C 3 alcohols or 
diols or triols. 

In the sense of the present invention the term "branched" means that the linker contains a 
main chain between the groups Z and X and in addition one or several side chains starting 
30 from the main chain. The charge carriers and hydrophilic groups can be located in the 
main chain or/and in a side chain. If the linker according to the invention contains several 
groups Z and X, the main chain itself can already be branched. However, the linker in any 
case additionally contains one or several side chains which contain none of the groups Z 
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and X. The number of side chains is preferably 1 to 10, particularly preferably 2 to 6 and 
most preferably 2 to 4. 

In a preferred embodiment of the invention the linker contains a main chain which 
contains one or several uncharged hydrophilic groups as mentioned above in particular 
5 carboxylic acid amide groups or/and polyethylene glycol groups while there is at least one 
charge carrier in one or several of the side chains. In this case 1 to 10 charge carriers and in 
particular 1 to 5 charge carriers can for example be present per side chain. Alternatively the 
linker can also contain charge carriers in the main chain and uncharged hydrophilic groups 
in one or several side chains. Furthermore embodiments are also conceivable in which the 
10 main chain and the side chains contain uncharged hydrophilic groups as well as charge 
carriers. 

In case the branched linker comprises groups other than X and Z, which might interfere 
with the intended coupling chemistry, e.g., like -COO* groups or -NH 2 groups, appropriate 
protective groups, which are known to the skilled artisan are used during synthesis and/or 
15 coupling. Terminal -NH2 groups in peptidic side chains preferably are inactivated, e.g., by 
acetylation or succinyiation. 

The length of the main chain of the linker is preferably 7 to 200 atoms, particularly 
preferably 7 to 100 atoms. The main chain is an alkylene chain modified by the 
incorporation of heteroatoms e.g. O atoms or amide groups and contains at least one 
20 branch site. The side chains formed at the branching site preferably having a length of 4 to 
100 atoms- 

The charge carriers are preferably located in the linker in such a manner that a H atom of 
an alkylene unit of the main chain or/and in a side chain is replaced by a group containing 
a charge carrier e.g. NH 3 + or C0 2 '. 

25 The branched linker which contains the free charge carriers or/and hydrophilic groups is 
preferably at least partially composed of aminocarboxylic acid units that are linked together 
by peptide bonds. In such a linker the branching points can be derived from polyfunctional 
aminocarboxylic acids which contain at least three functional groups e.g. amino or 
carboxylate groups such that one functional group is still present after incorporation into 

30 the main chain which can be used as the starting point for the synthesis of the side chain. 
The branches are particularly preferably generated with diaminocarboxylic acids such as 
lysine, ornithine, hydroxylysine etc. 
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The charge carriers of the branched linker can be preferably derived from free positively 
or/and negatively charged groups of polyfunction^ amino-carboxylic acids which contain a 
total of at least three charged groups e.g. amino, carboxylate or phosphate groups such that 
after incorporation into the linker and the concomitant reaction of two of the charged 
5 groups, at least one free charge carrier is still present. For example the charge carriers can 
be derived from trifunctional aminocarboxylic acids which contain (a) an amino group and 
two carboxylate groups or (b) two amino groups and one carboxylate group. Examples of 
such trifunctional aminocarboxyiic acids are lysine, ornithine, hydroxylysine, aspartic acid 
and glutamic acid, symmetric trifunctional carboxylic acids like those described in EP 0 618 
10 192 or US 5,519,142. Alternatively one of the carboxylate groups in the trifunctional 
aminocarboxylic acids (a) can be replaced by a phosphate, sulphonate or sulphate group. 
An example of such a trifunctional amino acid is phosphoserine. 

Alternatively the branched linker can also be composed at least partially of phosphate-sugar 
units e.g. a DNA backbone "without nucleobases or composed of glyco-peptidic structures. 
15 Furthermore the linker can also be composed at least partially of saccharide units. In any 
case the side chain of the linker is preferably situated at a branch site of the main chain 
which is formed by a trifunctional unit and the length of a side chain is at least two of the 
building blocks used for the synthesis e.g. natural or synthetic amino acids or other 
components such as ethylene glycol. 

20 Preferably, the branched hydrophilic linker is used in immunological procedures to reduce 
problems caused by non-specific binding. 

It has been found advantageous to use non-naturally occurring amino acids and non- 
naturally occurring sequence motives, like e.g., the di-peptides UE or UQ to construct a 
linker molecule according to the present invention. This has proven especially 
25 advantageous in serological assays, i.e. in assays set up to detect antibodies in patient sera. 
Linkers with non-naturally occurring 6-amino acids have proven rather stable against 
proteases, e.g., against proteases in serum or plasma, and therefore represent a further 
preferred embodiment of the present invention. 

In one embodiment of the present invention the branched linker comprising a metal 
30 complex has the general formula (III) : 
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Re 



1 1 
1 1 
ri 




R3 



n 



R 



(in) 



in which M, X, A, n and m are defined as above, R^ R 2 > R3, R4, R5 and R^ are the same or 
different and each denotes one or several substituents provided that X is bound to one of 
the ligands via one of the substituents R x> R 2 , R3, R4> R5 or R5 and the linker Y. 

The ligands of the complex are optionally substituted phenanthroline or bipyridene 
5 systems depending on whether the groups denoted by the broken lines are present or not. 

The substituents R x , R 2 > R 3 , R4, R5 and R 6 on the ligands are preferably hydrogen, C r C 5 
alkyl, in particular C r C 3 alkyi, phenyl or a hydrophilic group as defined above provided 
they do not contain the linker Y. 

In a particularly preferred embodiment the branched linker comprising a metal complex 
10 has the general formula (Ilia): 



R 4 




A 



(Ilia) 



WO 02/27315 



PCT/EP01/11118 



- 9 - 

in which M, X and A are defined as above, R 1? R 2 , R 3 , R4, R 5 are as defined above, s is an 
integer from 0 to 6 preferably from 1 to 4 and Y denotes the branched linker with free 
charge carriers or/and hydrophilic groups. 

Examples of compounds of formula (I) with metal complexes as labeling groups or biotin 
5 as an effector group and the amino side group of lysine as the reactive functional group are 
shown in figs. 1-7. The branching points of the linker are formed by the trifiinctional 
amino acid lysine which has two amino groups and one carboxylate group. One amino 
group and one carboxylate group are used to form peptide bonds in the main chain of the 
linker whereas the second amino group is used as the starting point for the synthesis of the 
10 side chain. The free charge carriers are formed from glutamic acid side chains. In Fig. 8 the 
lysine amino group is blocked by phenylacetyl (Phac). The blocking of one or several 
reactive groups in the linker by protective groups e.g. phenylacetyl or/and other protective 
groups compatible with the overall structure also enables labile binding groups to be 
introduced into the compound (I). 

15 The reactive carboxylate group can for example be converted into an active ester by 
reaction with N-hydroxysuccinimide or disuccinirnidyl suberate (DSS) (see Fig. 12). 
Alternatively the primary amino group can also be converted into a maleimide group by 
reaction with maleimidohexanoyl-N-hydroxysucdnimide ester (MHS) (see figs. 9 - 11). 

The preparation of the compounds according to the invention is described in detail in the 
20 following using metal complexes as an example. Other compounds that for example 
contain biotin or peptide antigens as the effector group can be prepared in an analogous 
manner. 

The synthesis of a charged and branched linker on a labeling group or solid phase binding 
group such as the N-heterocyclic ligand of a metal complex can be carried out as a coupling 
25 reaction in solution by coupling an optionally partially protected aminocarboxylic acid to a 
reactive group of the ligand e.g. a carboxylic add. This coupling stage can optionally be 
repeated until a branched linker of the desired length has been synthesized. In this process 
at least one polyfunctional aminocarboxylic acid is introduced which contains one or 
several charged side groups. 

30 Subsequently the reactive group X is introduced and protective groups that may be present 
on the side groups of the aminocarboxylic acids are cleaved off. This synthesis of the ligand 
by successively coupling amino acids in solution can take place on a single ligand and also 
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on a ligand that has already been bound to a metal complex as the starting material. A 
suitable starting material is for example a luminescent metal complex which contains a free 
carboxylate group. Such complexes are known from the above-mentioned documents and 
are also offered commercially for example by the Igen Inc. Company, Rockville, MD, USA. 

5 On the other hand the branched linker can also be prepared by solid phase peptide 
synthesis. In a first embodiment of the solid phase synthesis, an amino acid is coupled via 
its carboxylate gToup to the solid phase support and then the desired linker is synthesized 
by successively coupling further amino acids. In this process at least one amino acid which 
contains a charged group as a side group e.g. an amino group or a carboxylate group and at 

10 least one amino acid which serves as the branching site and is optionally in a protected 
form are used to prepare a linker according to the invention. After completion of the 
desired linker sequence, an activated metal complex, e.g. an active ester, can be coupled to 
the free N-terminal amino group of the peptide bound to the solid phase. After cleavage 
from the solid phase the reactive group X can be coupled to the carboxy terminus of the 

1 5 peptide linker and protective groups that may be present are cleaved off. 

In another mode of the solid phase synthesis an amino acid-metal complex conjugate 
which contains a protected amino group and a carboxylate group e.g. Fmoc-Lys(- 
Ru(bipyridyJ) 3 -OH) can be anchored to a solid phase by means of the free carboxylate 
group and a peptide linker can be synthesized after release of the blocked amino group. 
20 After completion of the desired linker sequence, the complex is cleaved from the solid 
phase to obtain a linker which contains at least the original carboxylate anchor group as the 
free charge carrier. The reactive group X can be coupled to the amino terminus of the 
resulting peptide linker. 

In a further procedure of solid phase synthesis the branched linker sequence with charge 
25 carriers can also be synthesized directly on a selected peptide epitope. 

A combination of the above-mentioned synthesis variants can also be used to prepare the 
compounds according to the invention. Amino acid-metal complex conjugates that are 
suitable for the solid phase synthesis of the complexes according to the invention with a 
charged linker are described in DE 44 30 998.8. Reference is herewith made to this 
30 disclosure, 

A further subject matter of the present invention is a compound of the general formula (I) 
as defined above. 
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Yet a further subject matter of the present invention is a conjugate comprising at least one 
biological substance to which at least one compound (I) according to the invention is 
coupled. Examples of suitable biological substances are cells, viruses, subcellular particles, 
proteins, lipoproteins, glycoproteins, peptides, polypeptides, nucleic acids, peptidic nucleic 
5 acids (PNA), oligosaccharides, polysaccharides, lipopoly-saccharides, cellular metabolites, 
haptens, hormones, pharmacological substances, alkaloids, steroids, vitamins, amino acids 
and sugars. 

The compound is coupled to the biological substance by means of a reactive functional 
group of the compound that can covalentiy couple to a functional group of the biological 
10 substance. If the functional group is an active ester, it can for example be coupled to free 
amino groups of the biological substance. If the functional group is a maleimide residue, it 
can for example be coupled to free SH groups of the biological substance. 

In a particularly preferred embodiment of the present invention the compounds are 
coupled to peptides which preferably have a maximum length of 50 amino acids and 

15 particularly preferably a maximum of 30 amino acids. These peptides are preferably 
prepared by synthesizing a peptide of the desired amino acid sequence on a solid phase 
during which a) a solid phase binding group or/and a labeling group e.g. an activated metal 
complex, preferably a metal complex-active ester derivative is coupled to the N-terminal 
amino group of the peptide or/and b) an amino acid derivative which is coupled covalentiy 

20 to an effector or/and labeling group e.g. a hapten or metal complex is introduced during 
the synthesis in at least one position of the peptide. The coupling of the effector group 
or/and labeling group e.g. to the N-terminal amino acid of the peptide is preferably carried 
out before cleaving the peptide from the solid phase and before cleaving protective groups 
on reactive side groups of the amino acid derivatives used for the peptide synthesis. 

25 The peptides preferably contain one or several immunologically reactive epitope regions. 
These epitope regions are preferably derived from pathogenic organisms, e.g. bacteria, 
viruses and protozoa or from autoimmune antigens. The epitope region is particularly 
preferably derived from viral antigens and corresponds to the amino acid sequences of 
HT/1, HTVH. HIVO or hepatitis C virus (HCV). 

30 Further preferred examples of biological substances are biotin, toxins, protoxins, nucleic 
adds, antibodies or antibody fragments, polypeptide antigens i.e. immunologically reactive 
polypeptides or haptens i.e. organic molecules having a molecular weight of 150 to 2000, in 
particular molecules with a steroid backbone such as cardenolides, cardenolide glycosides 
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(e.g. digoxin, digoxigenin), steroid alkaloids, sex hormones (e.g. progesterone), 
glucocorticoids etc. Other examples of haptens are prostaglandins, leucotreines, leuco-en- 
diines, thromboxanes etc. 

Yet a further subject matter of the present invention is the use of the compounds according 
5 to the invention or the conjugates according to the invention in a detection method e.g. in 
an immunological detection method or an nucleic acid hybridization method, in particular 
in a luminescence assay. 

If a metal complex is used as the labeling group, it is preferably detected by 
electrochemiluminescence in which luminescent species are generated electrochemically on 

10 the surface of an electrode. Examples for carrying out luminescence assays with metal 
complexes of the prior art can be found in EP 0 580 979, WO 90/05301, WO 90/1 151 1 and 
WO 92/14138. Reference is herewith made to the methods and devices for luminescence 
assays disclosed therein. The electrochemiluminescence assays are carried out in the 
presence of a solid phase which is preferably composed of micropartides, in particular of 

15 magnetic microparticles which are provided with a reactive coating e.g. with streptavidin. 
In this manner it is possible to detect immune or hybridization complexes containing a 
metal complex as the labeling group that are bound to the solid phase. 

The electrochemiluminescence measurement is preferably carried out in the presence of a 
reducing agent for the metal complex e.g. an amine. Aliphatic amines are preferred and in 
20 particular primary, secondary and tertiary alkylamines whose alkyl groups each have 1 to 3 
carbon atoms. Tripropylamine is particularly preferred. The amine can, however, also be an 
aromatic amine such as aniline or a heterocyclic amine. The reducing agent can already be 
integrated into the ligand sphere of the complex. 

In addition a surface active agent e.g. a non-ionic agent such as an ethoxylated phenol may 
25 be present as an amplifier. Such substances are for example commercially available under 
the names Triton X100 or Triton N401. 

On the other hand the luminescent metal complex can also be detected by measuring the 
fluorescence or time-resolved fluorescence in which the metal chelate is excited by 
irradiation with light of a suitable wavelength and the resulting fluorescence radiation is 
30 measured. Examples for carrying out fluorescence assays are to be found in EP 0 178 450 
and EP 0 255 534. Reference is herewith made to this disclosure. 
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The principle described in detail above of using metal complexes with branched and 
charged or hydropbilic linkers can be applied in an analogous manner to other labeling 
groups or/and effector groups. Other preferred test formats in which the branched linkers 
can be used axe homogeneous assays. Such assays are based for example on the 
5 measurement procedures known as CEDIA or FRET (fluorescence resonance energy 
transfer, cf. e.g. Pope, A. J., et al., Drug Discov Today 4 (1999) 350-362) such as time- 
resolved FRET. 

Considerable advantages compared to known test formats can be achieved by using the 
branched linkers according to the invention. Thus, e.g., positively charged luminescent 

10 metal complexes can be better handled within a conjugate comprising a negatively charged 
branched linker. An improved solubility and thus a lower unspecific binding is generally 
found when the branched linkers are used in combination with hydrophobic labeling 
groups or/and biological substances. In many cases this can be used to increase the number 
of labeling groups and thus to increase signal yields. Furthermore the sterically demanding 

15 branched linkers prevent interactions between hydrophobic labeling groups and 
hydrophobic biological substances which ensures an improved accessibility of the labeling 
group. 

The branched linkers according to the invention can be very advantageous in diagnostic 
methods by for example reducing the blank value, improving the dynamic range of the test, 
20 lowering the lower limit of detection, broadening the test range or/and improving the 
signal-to-noise ratio. A reduction of the dose of active substance or/and a reduction of side 
effects can be achieved in therapeutic applications. 

Yet a further aspect of the present invention is that linkers that carry one or several charge 
carriers or/and one or several hydrophilic groups as defined above cause a large shift of the 

25 apparent molecular weight in chromatographic methods such as gel electrophoresis e.g. 
agarose gel electrophoresis, SDS gel electrophoresis, gel filtration, hydrophobic interaction 
chromatography and ion exchange chromatography. This effect occurs with the branched 
linkers described in the present application as well as with the linear linkers described in 
WO 96/03409. As a result of this shift in the apparent molecular weight, i.e. the linkers 

30 appear to have a higher molecular weight than is actually the case, they can be used to 
prepare conjugates with a defined stoichiometry and homogeneous composition. After the 
linker which for example carries a defined number of labeling groups or effector groups, 
has been coupled to a binding group e.g. a biomolecule, the reaction products of the 
preparation can be simply obtained by chromatographic methods according to their 
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stoichiometry (e.g. one molecule of linker per binding group, two molecules of linker per 
binding group, three molecules of linker per binding group etc.) in the form of separate 
fractions. 

The linker used to prepare a particular conjugate should in this case have an apparent 
5 molecular weight of preferably > 20 %, particularly preferably of £ 30 % and most 
preferably of > 40 % of the apparent molecular weight of the binding group in the same 
chromatographic separation system. 

Furthermore reagent kits (linker plus labeling group(s) or effector group(s) plus binding 
group e.g. biomolecule to be labeled), a system (including a measuring device to detect the 
10 respective labeling group) and a composition containing a reagent of defined stoichiometry 
and functionality are provided. 

A preferred example of such conjugates with a defined stoichiometry are mono- 
digoxigenylated Fab' antibody fragment conjugates. 

The present invention is further elucidated by the following examples and figures. 

15 The following examples, references, sequence listing and figures are provided to aid the 
understanding of the present invention* the true scope of which is set forth in the appended 
claims. It is understood that modifications can be made in the procedures set forth without 
departing from the spirit of the invention. 

Figures: 

20 Fig. 1 to 12 and 16 to 20 as well as 23 to 25 show compounds according to the invention 
Fig, 13 to 15 show amino acid sequences of reference antigens, and 
Figures 21 and 22 show the solid-phase-bound branched linker (with and without the Mtt- 
protective group and with protective groups on the amino acid side chains) used to 
produce the conjugates of Fig. 23 to 25. 

25 ExaWk h Preparation of branched linkers by means of solid phase peptide synthesis 

The branched linkers were synthesized by means of fluorenylmethyloxycarbonyHFmoc)- 
solid phase peptide synthesis on a batch peptide synthesizer e.g. from Applied Biosystems 
A433. In each case 4.0 equivalents of the amino acid derivative shown in table 1 were used 
for this. 
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Table 1: 



A 


Fmoc-Ala-OH 


C 


Fmoc-Cys(Trt)-OH 


D 


Fmoc-Asp(OtBu)-OH 


E 


Fmoc-Glu(OtBu)-OH 


gE 


Fmoc-Glu-OtBu 


F 


Fmoc-Phe-OH 


G 


Fmoc-Gly-OH 


H 


Fmoc-His(Trt)-OH 


I 


Fmoc-Ile-OH 


Kl 


Fmoc-Lys(Boc)-OH 


K2 


Fmoc-Lys(Fmoc)-OH 


K3 


Fmoc~Lys(Dde)-OH 


K4 


Fmoc~Lys(Alloc)-OH 


K5 


Fmoc-Lys(PhAc)-OH 


K6 


Fmoc-Lys-(label)-OH 


K7 


Boc-Lys(Fmoc)-OH 


L 


Fmoc-Leu-OH 


M 


Fmoc-Met-OH 


N 


Fmoc-A5n(Trt)-OH 


P 


Fmoc-Pro-OH 


Q 


Fmoc-Gln(Trt)-OH 


K 


rZHOC-ATg\ r mc ) -Uxt 


c 

o 


rinoc-oer ^u>u; "\jJri 


T 


Fmoc-ThrftBUVOH 


U 


Fmoc-P -alanine-OH 


V 


Fmoc-Val-OH 


w 


Fmoc-Trp-OH 


Y 


Fmoc-Tyr(tBU)-OH 


Z 


Fmoc-e-amino caproic add 


|Ps 


Fmoc-Ser(PO(OBzl)OH)-OH 


la 


Fmoc-Cys(S0 3 H)-OH 
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M u -U 



Mtt-(3-alanine-OH 



] 



The amino acids and amino acid derivatives were dissolved in N-methyi-pyrrolion. The 
peptide is synthesized on Wang resin (Wang, S. S., J Am Chem Soc 95 (1973) 1328-33). 
The resin is loaded with 0.2 to 0.4 mMol/g. The coupling reactions were carried out for 20 
5 minutes using 4 equivalents dicydohexylcarbodiimide and 4 equivalents N- 
hydroxybenzotriazole in dimethyi-formaniide relative to the Fmoc-amino acid derivative 
in dimethylformamide as the reaction medium. The Fmoc group was deaved after each 
step of the synthesis with 20 % piperidine in dimethylformamide for 20 min. The amount 
of resin was selected such that after the last branch> 4 equivalents Fmoc-amino add relative 

10 to the amino groups are used. Fmoc-Lys(Fmoc)-OH is used for the branch and subsequent 
synthesis of two identical arms. The unsymmetric branches are achieved by amino acid 
derivatives with orthogonal side chain protective groups such as Fmoc-Lys(Dde) or Fmoc- 
Lys (Alloc) . These orthogonal protective groups are cleaved on the resin by methods known 
in the literature (Bycroft, B. W., et al., J, Chem. Soc, Chem. Commun. 9 (1993) 778-9; 

15 Merzouk, A., et al., Tetrahedron Letters 33 (1992) 477-80). Terminal amino groups on the 
solid phase are optionally acetylated or succinylated with acetic anhydride or sucdnic 
anhydride. 

The hapten, labd or functional group in those cases where the corresponding amino acid 
derivative is stable during the solid phase synthesis was already introduced on the resin e.g. 
20 on the N-terminal amino add of the peptide. 

The introduction of e.g. a metal chelate labd was carried out via appropriate active ester 
derivatives at the free N-terminal amino group of the carrier-bound peptide. For this four 
equivalents ruthenium(bipyridyl)3 complex (BPRu) per free primary amino function were 
activated with N-hydroxybenzotriazole/dicyclohexyl-carbodiiniide and dissolved in a small 
25 amount of DMSO and this was added dropwise and stirred for 2 h at room temperature, 

A hapten or a label can also be introduced at the C-terrninus already during the solid phase 
synthesis by the direct incorporation of for example a metal chelate or biotin-coupled 
amino add derivatives (described in WO 96/03409). 

The peptide is rdeased from the support and the acid-labile protective groups are cleaved 
30 with 20 ml tri-fluoroacetic add, 0.5 ml ethanediol, 1 ml thioanisole, 1.5 g phenol and 1 ml 
water within 40 min at room temperature. Depending on the amino acid derivatives that 
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are used, it is also possible to use cocktails containing fewer radical traps. 300 ml cooled 
diisopropyl ether was subsequently added to the reaction solution and was kept for 40 min 
at 0°C in order to completely precipitate the peptide. The precipitate was filtered, washed 
with diisopropyl ether and dissolved in a small amount of 50 % acetic acid and lyophilized. 
5 The crude material obtained was purified by means of preparative HPLC on Delta-PAK RP 
CI 8 (column 50 x 300 mm, 100 A; 15 p) over an appropriate gradient (eluant A: water, 0.1 
% trifluoroacetic acid, eluant B: acetonitrile, 0.1 % trifluoroacetic acid) within ca. 120 min. 
The eluted material was identified by mass spectrometry. 

Examples of such compounds prepared by solid phase synthesis are shown in figs. 1 to 7 
10 and 16. 

Alternatively the labeling group (label), the effector group (hapten) or the functional group 
can also be introduced after cleavage from the resin. For this it may be necessary to block 
other groups that should not be derivatized with a protective group which is stable during 
the solid phase peptide synthesis as well as during the cleavage (e.g. phenylacetyl (Phac)). 
15 The protective group can be removed enzymatically with PenG amidase (described in 
PCT/EP95/02921). 

An example of a compound protected with Phac is shown in Fig. 8, 

Example 2; Introduction of a maleinimide function into a branched peptidic linker 

In order to introduce the maleinimide function, a peptide according to example 1 was 
20 dissolved in 0.1 M potassium phosphate buffer pH 7.0, admixed with one equivalent 
maleinimidohexanoic acid N-hydroxysuccinimide ester (MH = maleinimidohexanoyl) in 
DMSO and stirred for 16 h at 25°C The preparation was purified by preparative HPLC (see 
above) . The identity of the eluted material was checked by means of mass spectrometry. 

The compounds shown in Fig. 9 to 11 and 17 were prepared. 

25 gramme 3? Introduction of N-hvdroxvsuccinimide e ster groups int o branched peptidic 

linkers 

The experiment was carried out analogously to WO 96/03409, example 6. 
The compound shown in Fig. 12 was prepared. 
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Eimtipkk Use of metal complex-antigen coqiufrates with branched and charged 

faster? ffl immunological \es\$ 
A double antigen bridge test was carried out to detect specific antibodies to HTV. In this 
method the sample liquid was incubated with a ruthenium-labeled antigen and a 
5 biotinylated antigen for the antibody to be determined in the presence of a streptavidin- 
coated solid phase. The presence of anti-HIV antibodies in the sample liquid is determined 
by measuring the label on the solid phase by means of electrochemilununescence using the 
Elecsys® system- A partial sequence (SEQ ID NO: l) of the gp36 protein of HIV2 is known 
to comprise antigenic epitopes as recognized by important antibodies in patient sera. 

10 A peptide comprising SEQ ID NO: 1 extended at the N-terminus with an SH functional 
linker (SEQ ID NO: 2 and Fig. 13) was prepared as described in WO 96/03652. The full line 
between the two cysteines (C) of Fig. 13 shall indicate a -SS- cystine bridge. 

The peptide of SEQ ID NO: 2 (Fig. 13) was conjugated within 2 h at room temperature to 
the respective maleinimido-activated ruthenium linker in 0.1 mol/1 potassium phosphate 
15 buffer pH 7 in order to derivatize the HIV peptide with maleinimido-acrivated ruthenium 
complexes. Non-reacted components were either separated by means of preparative HPLC 
or gel chromatography. The purified products were lyophilized. 

compound A: BPRu linker from Fig.9 with gp36 antigen 

compound B: BPRu linker from Fig. 10 with gp36 antigen 

20 compound C: BPRu linker from Fig. 11 with gp36 antigen 

compound D: BPRu linker from Fig. 17 with gp36 antigen 

The conjugates comprising SEQ ID NO: 2 and one of the various linker variants 
(compounds A-D) were evaluated with the test format describe above. All evaluations were 
carried out with the same biotinylated peptide comprising the identical gp36 epitope of 
25 SEQ ID NO: 1 (Fig. 14) and at the same concentration. Labeled detection antigens were 
used in an equimolar concentration to the biotinylated capture antigen. 

The conjugate shown in Fig. 15 and prepared as and described in PCT/EP95/02921 was 
used as a labeled reference antigen according to the prior art (comparison in tables 2 to 4). 
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The antigens according to the invention were used in equimolar amounts relative to the 
antigen of the prior art. The concentration was 0.018 nmol/I. 

The result of the experiments with conjugates A and C compared to the compound from 
Fig. 15 is shown in ECL counts in table 2, It can be seen that considerably lower blank 
5 values with constant positive signals are only obtained by using the linker according to the 
invention which thus results in a better differentiation between positive signals and 
negative signals. These improved signal-to-noise ratios lead to an improvement of the 
measuring range. 



Table 2: 



Experiment 


Comparison 


A 


C 


negative sample 


6014 


2044 


1975 


positive sample 


345247 


484681 


391007 


ratio 

positive/negative 


57.5 


237.1 


198 



10 



The result of the experiment with conjugate B in comparison to the compound of Fig. 1 5 is 
shown in ECL counts in table 3. It can be seen that the advantageous effects of the branched 
linker also enable the introduction of several labels without significantly increasing the 
blank value. It is also surprising that the positive signal is not quenched and even an 
1 5 increase in the measured counts is observed 



Table 3: 



Experiment 


Comparison 


B I 


negative sample 


6096 


2366 


positive sample 


393197 


765298 


ratio 

positive/negative 


64.5 


323.5 
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Table 4 shows the result from the experiment with conjugate D compared to the 
compound of Fig. 15 in ECL counts. Surprisingly uncharged branched, hydrophilic linkers 
also have a positive effect on the blank value. The signal-to-noise ratio is unproved. 



Table 4: 



Experiment 


Comparison 


D 


1 negative sample 


6718 


2015 


positive sample 


553816 


759947 


ratio 

positive/negative 


82.4 


377.1 



5 



Example 5: Preparatory antibody fragment CQmugatftS 

1. Description of the procedure 

Preparation of the Fab' from IgG 

A monoclonal anti-Dig antibody was cleaved by pepsin to form Flab'^-fragments, After 
10 quantitative cleavage the pepsin was inactivated by increasing the pH and adding pepstatin. 
The F(ab')2 was reduced by means of cysteamine to Fab 1 without prior purification. 
Cysteamine cleaves almost selectively the disulfide bridges in the hinge region. It was 
subsequently dialysed. This removes most of the Fc cleavage products generated by pepsin 
since they axe small enough to pass through the pores of the dialysis tube (> 10,000 
15 Dalton). . 

FaV-BPRU linker conjugate 

The conjugate synthesis was carried out by reacting the Fab' with an excess of BPRu-linker- 
MH. In this process an SH group in the hinge region was mainly converted. Small amounts 
of polyruthenylated Fab 1 were formed as a side reaction most likely as a result of reduced 
20 intramolecular disulphide bridges in the light and in the Fd chain. 
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Purification of the crude conjugate 

The crude conjugate was purified by a molecular sieve. In this process the 
monoruthenylated material was separated from the polyruthenylated material. 

2. Procedure 
5 Cleavage of the antibody to form F(ab ! ) 2 

The lyophilisate of the monoclonal antibody anti-DIG~M19.11 IgG was reconstituted with 
H 2 0 to obtain a concentration of 20 mg/mL 20 jd 1 M citrate pH 3.5 were added per ml 
solution (final concentration citrate = 20 mM). The pH was adjusted with HCl to 3.60. It 
was filtered through a 0.45 |im filter. The concentration was determined at OD 280 nm (1 
10 OD 2 gonm = 1-4 mg/ml). It was adjusted to 10 mg/ml with 20 mM citrate pH 3.60. The 
solution was heated in a water bath to 37°C 100 ul pepsin solution (3 mg/ml) was added 
per ml antibody solution and incubated at 37°C in a water bath. After complete cleavage 
the reaction was stopped by increasing the pH value and adding pepstatin. 

Reduction to Fab T 

15 52.6 fil 0.1 M dithiothreitol (DTT) was added per ml cleavage mixture and incubated for 30 
min at 25°C in a water bath. The Fab' was dialysed against 0.1 M Naf^PO^aOH pH 6.5, 
30 mM NaCi, 2 mM EDTA. 

Synthesis of the Fab'-BPRu-linker conjugate 

The BPRu-linker-MH was dissolved in DMSO. The stoichiometry Fab f :BPRu-linker-MH 
20 was 1:3 (mole/mole). The final concentration of Fab r in the mixture was 3.9 mg/ml. The 
maximum concentration of DMSO in the mixture was 10 %. The reaction time was 1 h at 
room temperature. 

Purification 

The crude conjugate was concentrated 2-3-fold using an AMI CON PM 10 and purified by 
25 means of Superdex 200 (buffer: 25 mM MOPS/NaOH pH 6.5, 50 mM NaCl, 10 % DMSO; 
applied amount: max 1.5 % of the gel bed, fractions: 0.5 % of the gel bed). The fractions 
containing the Pab'-BPRu-linker conjugate were pooled. 
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JBxgmpJe 6: Upe of n?etal con>ple;x:-antibfldy fraggieflt conjugates with bached and 

thajge<ji liijcerg ii\ jfoimpffiQlogigd tej?ts 
A double antigen bridge test was carried out to detect specific antibodies to HIV. In this 
method the sample liquid was incubated with a biotinylated antigen and a digoxigenin- 
5 labeled antigen to the antibody to be determined in the presence of a streptavidin-coated 
solid phase and anti-Dig-BPRu antibody. The presence of anti-HIV antibodies in the 
sample liquid was determined by determining the label bound via the double antigen 
bridge to the solid phase by dectrochemiluminescence using the Blecsys® system. 

A HIV peptide from the gp41 region of HIVl (SEQ ID NO: 3), which was labeled at the N- 
10 terminus was used as the antigen. The preparation of the biotinylated and the 
digoxigenylated antigens is described in PCT/EP 95/02921. Two anti-Dig-BPRu conjugates 
were used for detection of ruthenylated gp41 peptide. 

Compound E: anti-Dig-IgG-BPRu without linker 

Compound F: anti-Dig-Fab' -BPRu with the linker of Fig. 9 

15 Antigens were used in equimolar amounts at a concentration of 20 ng/ml. 

The result of the experiments with compound E in comparison to compound F is shown in 
table 5. Digoxigenylated antigen and antibody conjugate (concentration 180 ng/ml) were 
pre-incubated. It can be seen that use of the linker according to the invention results in 
considerably lower blank values which is associated with a better differentiation between 
20 positive and negative signals. This is easily seen from the normalized values (table 5/2). 



Table 5: 



| Experiment 
[counts] 


without BPRu conjugate 
= system blank value 


compound E 


compound F 


negative sample 


441 


2117 


582 


positive sample 1 


437 


1215275 


668410 


positive sample 2 


453 


49187 


25819 
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Table5/2: 



Experiment (normalized 
to negative sample) 


without BPRu conjugate 
= system blank value 


compound E 


compound F 


negative sample 


1.0 


1.0 


1.0 


positive sample 1 


0.99 


574.1 


1148.5 


positive sample 2 


L03 


23.1 


44.4 



In table 6 the test procedure was changed such that the magnetic beads with bound 
immune complexes were washed before adding the antibody conjugate (concentration 
5 600 ng/ml). Also in this case the blank values were considerably lower and this was 
associated with an improved differentiation. The improved signal-to-noise ratio is 
especially evident from table 6/2, wherein the values have been normalized to the system 
blank as measured with the negative sample. 



Table 6 



Experiment 
[counts] 


without BPRu conjugate 
= system blank value 


compound E 


compound F 


negative sample 


464 


2771 


758 


positive sample 1 


453 


1503690 


686607 


positive sample 2 


480 


47040 


27133 



10 
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1 Experiment 
[pos./neg. sera 


without BPRu conjugate 
= system blank value 


compound E 


compound F 


[negative sample 


1,0 


1.0 


1.0 


positive sample 1 


0.98 


592.6 


905.8 


positive sample 2 


1.03 


17.0 


35.8 



5 Table 7 shows the unspecific binding of the antibody conjugate to the streptavidin solid 
phase. In this "test procedure* only buffer was used and neither the biotinyiated nor the 
digoxigenylated antigens. The concentration of the ruthenylated antibody conjugate was 
600 ng/mL The linker according to the invention again exhibits improved blank values. 



Table 7: 



Experiment 
[counts] 


without BPRu conjugate 
= system blank value 


compound B 


compound F I 


negative sample 


333 


3188 


566 


buffer 


329 


983 


436 
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Bxample J\ Preparation of further con jugates 

1. Synthesis of a testosterone derivative {Fig, 18) 

8.5 mg BPRu-linker-NH 2 (Fig. 1) was dissolved in ca. 2 ml phosphate buffer pH 8.5 and 
1.8 mg of the activated testosterone derivative (testosterone-3-dimethyJ-carboxyoxime- 
5 NHS) dissolved in 2 ml dioxane was added dropwise. It was allowed to stir for 6 h at room 
temperature with the exclusion of light 

The crude product is purified by means of preparative HPLC, The molecular weight was 
confirmed by means of mass spectrometry (MALDI) as 3180. 

2. Synthesis of a T3 derivative (Fig. 19) 

10 The synthesis was carried out analogous to 7.1. MS-MALDI corresponded to the expected 
molecular weight. 

3. Synthesis of a PEG-Lys-MP-gp36 derivative (Fig. 20) 

Starting with a lysine derivative of a ruthenium complex the free a-amino group of the 
lysine was reacted in the first step by conventional methods with maleinimido-propionic 
15 acid-(MP)-NHS ester. Then the carboxylic acid was activated by standard methods. 

In the next step 3.64 mg of the active ester was reacted with 25.5 mg of an amino-modified 
polyethylene glycol H 2 N-PEG-OCH 3 -5000 (Shearwater) in 20 ml acetonitrile at room 
temperature. The product mixture was rotary evaporated and purified by means of gel 
chromatography (MALDI corresponded to the expected molecular weight). 

20 The further coupling of the maleinimide to the gp36-peptide was carried out analogously 
to the already described method. The molecular weight determined with mass spectrometry 
corresponded to the expected molecular weight of 6990. 

4. Synthesis of a fluorescence dye-labeled branched linker (Fig. 23) 

The Mtt-protected branched peptidic linker (Fig. 21) is synthesized according to standard 
25 procedures. 
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The Mtt protecting group is cleaved off specifically according to the procedure described in 
Aletras A 0 et al., Int. J. Peptide Res. (1995) 45, 488 to yield the solid phase bound linker of 

Fig. 22. 

50 mg of solid phase bound branched linker molecule (Fig. 22) with a single unprotected 
5 N-terminal amino group was suspended in 4 ml DMF. Afterwards 10 fil triethylamine and 
the activated fluorescence label (16 mg) was added and conjugated to the solid phase 
bound linker. (The synthesis of the activated label, the rhodamine-N-hydroxy sucdnimide 
ester, is described in DE 4137934.). The reaction mixture was stirred for 12 h at room 
temperature. 

10 After cleavage from the solid phase under standard conditions ( trifluoro acetic acid 95%), 
purification was performed with prep. HPLC. 

Reaction of 16 mg of the intermediate with 18.5 mg disuccinimidyl suberate (DSS) in 10 ml 
DMF with 21 |J triethylamine for 5 h and standard purification led to 7 mg product (NHS- 
activated rhodamine-labeled branched linker as shown in Fig. 23). This was analyzed by 
15 MALDI-TOF and the molecular weight was found to correspond to the theoretical value. 

jBxaflipfc fo Acq<fcnwm-tefrete4 byjinf fre^i Kntatt ^ctyure 

1 . Acridinium ester labeled branched linker 

13 mg of the acridinium ester derivative (synthesis according to EP 82636) were added to 
50 mg of solid phase bound linker (cf. Fig. 22) dissolved in 4 ml DMF and reacted as 
20 described in Example 7.4. 

The acridinium-labeied linker was purified by prep. HPLC and lyophilised. 

Product yield was found with 7 mg. 

The product (cf. Fig. 24) was analyzed by MALDI-TOF and the molecular weight was 
found to correspond to the theoretical value. 

25 2. Synthesis of acridinium sulfonyi labeled branched linker 

The acridinium-labeied branched solid phase bound compound is synthesised as described 
in example 7.4 ( synthesis of the acridinium sulfonamide see US 5,543,524). After cleavage 
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from the solid phase and purification (see above) the free C-terminal amino group of the 
peptidic linker (4 mg linker) is reacted with 0,7 mg maleimidopropionyl-oxy succinimide 
ester (MPS) in 1 ml DMF (room temperature, 150 h) and purified by prep. HPLC. 

Product yield was found with 2 mg. 

5 The product (cf. Fig. 25) was analyzed by MALDI-TOF and the molecular weight was 
found to correspond to the theoretical value. 

The MPS-activated acridinium sulfonamide labeled linker is conjugated to SH groups. In 
this example TSH (thyroid-stimulating hormone) was used and coupling performed 
according to a standard protocol ( see Greg T. Hermanson, Bioconjugate Techniques, 
10 Academic Press, 1996, p. 456 ff) . 

In a comparison study using a two step immunoassay (with a washing step after the 
incubation of the sample with the first antibody) for TSH, the TSH-conjugate of this 
example was compared to a TSH-conjugate without linker. The TSH-concentrations are 
given as filU/ml in table 8. Cal 1 and Cal 2 are commercial products, Roche Diagnostics 
15 order numbers TSH Cal Set: Id. Nr: 1731483, the samples marked Tris (lOOmM Tris, 1% 
BSA> 0,1% Thesit, 0,1% Oxaban, pH 7,4) comprise 0 and 50 flU TSH per ml, respectively. 



Table 8: 





TSHfilU/ml 


Signal-to-noise ratio 
(without linker) 


Signal-to-noise ratio 
(with linker) 


Call 


0 






Cal2 


1.43 


2 


7 


TrisO 


0 






Tris 50 


50 


17 


127 



It is obvious from table 8 that the TSH-conjugate comprising the branched linker 
according to the present invention shows a significant improvement with regard to signal- 
20 to-noise ratio as compared to a conjugate without such linker. 
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Patent Claims 

1. Use of a compound of the general formula (I): 
Zn-Y-Xm (I) 

in which Z denotes at least one reactive functional group or a binding group and X is 
5 a reactive functional group which is bound covalently to Z via a linker Y wherein the 

linker is a branched linker which has a molecular weight of > 1000 Da and contains at 
least one charge carrier or/and at least one hydrophilic group, n is an integer from 1 
to 10 and m is 1 or 2, for the production of conjugates. 

2. Use as claimed in claim 1, wherein the binding group is a labeling group or an 
10 effector group. 

3. Use as claimed in claim 1 or 2> wherein the binding group is a labeling group selected 
from luminescent and fluorescent detection groups* enzymes, microparticles or 
nanoparticles and radio-isotopes. 

4. Use as claimed in claim 3, wherein the labeling group is metal chelate complex and 
15 the compound is of the general formula (H): 

[M(LlL2L3)]n-Y-XmA (II) 
in which 

M is a divalent or trivalent metal cation selected from rare earth or 
transition metal ions, 

20 - LI, L2 and L3 are the same or different and denote ligands containing at 

least two nitrogen-containing heterocycles, LI, L2 and L3 being bound to 
the metal caption via nitrogen atoms, 

X is a reactive functional group which is covalently bound to at least one of 
the ligands L 1, L2 and L3 via the branched linker Y, 



25 



n is an integer from 1 to 10, 
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m is 1 or 2 and 

A denotes the counterion which may "be required to equalize the charge. 

5. Use as claimed in one of the claims 1 to 4, wherein the binding group is an effector 
group selected from partners of specific bioamhe binding pairs. 

5 6. Use as claimed in claim 5, wherein the effector group is selected from biotin and 
analogues thereof, streptavidin, avidin, antigens, haptens, antibodies, nucleic acids, 
nucleic acid analogues, sugars, lectins, receptors and receptor ligands. 

7. Use as claimed in one of the claims 1 to 6, wherein the reactive functional group is a 
carboxyiic acid, a carboxylic acid halogenide, a carboxylic acid anhydride, a 

10 carboxyiic acid hydra2ide, a carboxylic acid azide, an amine, an active ester, a 

maleimide, a thiol or a photbactivatable group. 

8. Use as claimed in one of the claims 1 to 7, wherein the branched linker contains at 
least one negative charge carrier selected from the group consisting of phosphate, 
phosphonate, sulphurate, sulphonate, sulphate and carboxylate groups. 

15 9. Use as claimed in claim 8, wherein the branched linker contains at least one 
carboxylate group or/and phosphate group. 

10. Use as claimed in one of the claims 1 to 9, wherein the branched linker contains at 
least one positive charge carrier selected from amino groups and substituted amino 
groups. 

20 11. Use as claimed in one of the claims 1 to 10, wherein the branched linker contains up 
to 70 charge carriers. 

12. Use as claimed in claim 11, wherein the branched linker contains 1 to 40 charge 
carriers. 

13. Use as claimed in one of the previous claims, wherein the branched linker contains at 
25 least one uncharged hydrophilic group selected from ethylene oxide, polyethylene 

oxide, sulphoxide, sulphone, carboxylic acid amide, carboxylic add ester, phosphonic 
acid amide, phosphonic acid ester, phosphoric acid amide, phosphoric acid ester, 
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sulphonic acid amide, sulphonic acid ester, sulphuric acid amide and sulphuric acid 
ester groups. 

14. Use as claimed in claim 13, wherein at least one uncharged hydrophilic group is a 
primary carboxylic acid amide group. 

5 15. Use as claimed in one of the previous claims, wherein the molecular weight of the 
linker is in the range from 1000 to 50,000 Da. 

16. Use as claimed in one of the claims 1 to 15, wherein the branched linker is at least 
partially composed of aminocarboxylic acid units which are linked together by 
peptide bonds. 

10 17. Use as claimed in claim 16> wherein the charge carriers are derived from 
polyfunctional aminocarboxylic acids which still contain at least one free charge 
carrier after incorporation into the linker. 

18. Use as claimed in claim 16, wherein the hydrophilic groups are derived from 
polyfunctional aminocarboxylic acids which still contain at least one hydrophilic 

15 group after incorporation into the linker. 

19. Use as claimed in claim 16, wherein the branching positions are derived from 
polyfunctional aminocarboxylic acids. 

20. Use as claimed in claim 17, 18 or 19, wherein the polyfunctional aminocarboxylic 
acids are selected from lysine, ornithine, hydroxylysine, aspartic acid, glutamic acid, 

20 asparagine, glutamine, phosphoserine and synthetic trifunctional aminocarboxylic 

acids. 

21. Compound of the general formula (I) 
Zn-Y-Xm 



25 



wherein Z denote at least one reactive functional group or a binding group and X is 
at least one reactive functional group which is covalently bound to Z via a linker Y 
where the linker is a branched linker that has a molecular weight of > 1000 Da and 
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contains at least one charge carrier or/and at least one hydrophilic group, n is an 
integer from 1 to 10 and m is 1 or 2 . 

22, Compound as claimed in claim 21, wherein it has one or several of the features 
claimed in one of the claims 2 to 20. 

5 23. Conjugate comprising at least one biological substance and at least one compound of 
the general formula (I) as claimed in claim 21 or 22. 

24. Conjugate as claimed in claim 23, wherein the biological substance is an antibody or 
antibody fragment, a nucleic acid, a polypeptide antigen, an immunologically reactive 
peptide or a hapten. 

10 25. Use of compounds as claimed in daim 21 or 22 or the conjugates as claimed in claim 
23 or 24 in an immunological detection method or in a nucleic acid hybridization 
method. 

26. Use as claimed in claim 25 in a luminescence method 

si 

27. Use as claimed in claim 25 or 26 in an electrochemiluminescence method. 



15 28. 



Use as claimed in claim 27 to improve the solubility of labeling groups or effector 
groups or of their conjugates. 
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Fi gure 4: 
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Fi gure 5: 
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Figure 7: 
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Figure 10: 
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Figure 11; 
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Figure 22: Branched linker with protected amino acid side chains and un-protected e- 
amino- group of lysine 
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Fieure 23: NHS-activated rhodamine-Iabeled branched linker 
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Hgure 25: MPS-activated branched linker with an acridinium sulfonyl group as label 
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SEQUENCE LISTING 

<110> F. HOFFMANN-LA ROCHE AG 
Roche Diagnostics GmbH 

5 

<120> Compounds with a branched linker 

<130> 19063WO 

10 <140> 
<141> 

<150> DE10048417.4 
<151> 2000-09-29 

15 

<160> 3 

<170> Patentln Ver. 2.1 

20 <210> 1 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
25 <220> 

<223> Description of Artificial Sequence : peptide 
<400> 1 

Asn Ser Trp Gly Cys Ala Phe Arg Gin Val Cys His Thr Thr 
30 1 5 10 



<210> 2 
<211> 18 
35 <212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : peptide 
<220> 

<223> Xaa in position 3 denotes (Z) epsi Ion- amino 
caproic acid and Xaa in positions 2 and 4 
denotes (U) beta-alanine 

<400> 2 

Cys Xaa Xaa Xaa Asn Ser Trp Gly Cys Ala Phe Arg Gin Val Cys His 
1 5 10 15 

50 Thr Thr 



40 



45 



<210> 3 
55 <211> 16 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial 

5 <400> 3 

Leu Gly lie Trp Gly Cys Ser Gly 
1 5 



- 2 - 

Sequence : peptide 

Lys Leu lie Cys Thr Thr Ala Val 
10 15 



